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Summary
Dissolution experiments were conducted on radioactive sludge from Tank 7, before transfer of the contents of Tank 7 to Tank 51, and the subsequent sludge in Tank 51 to evaluate the effectiveness of the DWPF Cold Chem Method. The DWPF Cold Chem Method is a room temperature HF-HNO 3 dissolution method 1 (DWPF Cold Chem Method) used in the DWPF on the Slurry Receipt and Adjustment Tank (SRAT) samples in preparation for instrumental analysis. Four types of dissolutions experiments were carried out, the DWPF Cold Chem Method, hot aqua regia, sodium peroxide fusion and hot HF-HNO 3 . The hot HF-HNO 3 digestion is modified version of the DWPF method that incorporates a heating step. The hot aqua regia and sodium peroxide fusion digestions were included as reference digestions. The resulting solutions from all the sludge digestions were analyzed by ICP-ES (Inductively Coupled Plasma Emission Spectroscopy). Visual observations and ICP-ES results were used to evaluate the effectiveness of the DWPF Cold Chem by comparison to the hot aqua regia, sodium peroxide fusion and the hot HF-HNO 3 digestions.
The data and experimental observations support the following conclusions: − The DWPF Cold Chem Method seemed to be effective at dissolving initial species of radioactive sludge, but concurrent precipitation of insoluble mixed-metal fluoride salts was observed in both the Tank 7 and Tank 51 Cold Chem digestion solutions. − Complete dissolution, by visual observation, was achieved with a modified hot HF-HNO 3 digestion. This was done as an alternative to the DWPF room-temperature acid dissolution.
Recommendations to the DWPF for Applications to Sludge Batch 3 based on studies to date: − A dissolution study needs to be performed on a dip sample that consists of the final composition of the next sludge feed to the DWPF. − Based on data collected from these experiments, a hot HF-HNO 3 digestion should be used for Sludge Batch 3. This digestion achieved complete dissolution of the sludge solids. It may also be possible to achieve complete digestion using the DWPF Cold Chem Method by the simple addition of boric acid as the dilution media in the second dilution step of the DWPF Cold Chem procedure but further investigation is needed. − If incomplete dissolution is observed in a digestion, the ICP results from the incomplete digestion should be compared to another type of digestion (sodium peroxide fusion, hot aqua regia, or mixed acid) to determine if there is a practical difference in the results in terms of processability of the sludge. − Every sludge batch should be tested because as the composition of the sludge changes the digestion methods may not be as effective.
Introduction
A sample of the sludge feed received into the Defense Waste Processing Facility (DWPF) is typically dissolved using a room temperature HF-HNO 3 acid dissolution (i.e. DWPF Cold Chem Method). The Cold Chem Method is convenient (as opposed to tandem dissolutions using aqua regia and peroxide fusion digestions) and has been shown to be reliable in the past. However, it is necessary to digest a sample of each new sludge batch processed by the DWPF (using the DWPF Cold Chem Method) to ensure the digestion method works.
The Analytical Development Section (ADS) of the Savannah River Technology Center (SRTC) has tested the DWPF Cold Chem Method on simulant sludge and radioactive waste tank samples to determine if it will be adequate for use in the DWPF. The second phase of the testing involved using the Cold Chem Method digestion on radioactive sludge from Tank 7 and subsequent samples from Tank 51. SRTC received a Tank 7 sample (HLW designation FTF-175 -FTF-179) in February of 2003 for analysis, which was shipped to the Shielded Cells of SRTC prior to transfer of Tank 7 waste to Tank 51. In July of 2003, a Tank 51 sample (HLW designation HFT-E-03-76) was shipped to the Shielded Cells of SRTC for analysis. This report discusses digestion results using the DWPF cold chem dissolution method on radioactive sludge.
Results and Discussion
Tank 7
The Tank 7 sample that was analyzed (last of three dip samples, ~80 mL) was received from the Tank Farms in February of 2003. After initial cation and anion analysis, it was washed with inhibited water (aqueous solution of 0.015 M NaOH and 0.015 M NaNO 2 ) to lower the Na concentration to match previous sludge batches processed by the DWPF (Sludge batches 1 and 2 were both washed to an approximate sodium molarity of 0.5 M, this sample was washed to 0.6 M Na). At the time of these experiments, the final sodium concentration of Sludge Batch 3 had not been determined. The slurry was then dissolved using a sodium peroxide fusion 3 , hot aqua regia digestion 4 and the DWPF Cold Chem method. A fourth digestion was also done in which the DWPF Cold Chem method was modified. The procedure for the modified digestion involved heating the radioactive slurry with HF (25 mL) and HNO 3 (25 mL) at 100 ºC in a microwave vessel for two hours (3 hours if more than four samples). This is similar to the procedure used for a hot aquaregia digestion. The results of the four digestions are shown in Table 1 on a wet slurry basis. Solids were visible in the solution from the DWPF Cold Chem digestion. Furthermore, after several weeks of storage in the cells, light colored solids were deposited in the bottles containing the digestion solutions from the hot HF-HNO 3 procedure. It is likely that these solids are mixed metal fluoride salts. Na 3 AlF 6 and NaMgAlF 6 had previously precipitated from the Cold Chem Method digestion solutions of the first Tank 7 The elemental weight percent results shown in Table 1 , on a slurry basis, do not seem to vary significantly despite the precipitation of visible solids in the DWPF Cold Chem Method digestion solutions. If the solids precipitate out as small particles (1-10 microns in size), the analysis will not be affected because the particles can be effectively carried up into the plasma along with the nebulized solution in the ICP-ES instrument. 
Tank 51
After Tank 7 sludge was transferred to Tank 51, SRTC (Savannah River Technology Center) received a sample (~5 L) from Tank 51. The Tank 51 sample was shipped to the Shielded Cells of SRTC in July of 2003. After addition of appropriate amounts of Pu and Np solutions to the sludge slurry from Tank 51, it became the sludge batch three qualification sample. A simulated SRAT run was completed with the sludge batch three qualification sample in September 2003, and the subsequent SRAT product was digested using the DWPF Cold Chem Digestion Method, a hot HF-HNO 3 digestion, sodium peroxide fusion method and a hot aqua regia digestion. Each digestion was done in triplicate and the ICP-ES determinations are an average of the three digested samples except the peroxide fusion results, which are an average of two ICP-ES measurements (see Table 2 ). The Cold Chem Method was performed in a similar manner to the DWPF procedure. Concentrated HF (25 mL) was added to the sludge slurry (enough to have ~1g of dried solids) and mixed for 1.5 hours. Then, concentrated HNO 3 (25 mL) was added and the mixture was stirred for an additional 1 hour. The mixture was serially diluted to attain a final volume of 5 liters. Once again, solids were visually observed in the digestion solution from the DWPF Cold Chem Method. The insoluble solids were isolated by filtration and characterized by CXRD. The solids were determined to be mixed-metal fluoride salts, FeZrF 6 and Na 2 FeAlF 7 . The hot HF-HNO 3 digestions were performed by weighing out in a microwave vessel enough sludge slurry for each sludge sample to contain ~1g of dried solids and then 25 mL of HF was added followed by immediate addition of 25 mL HNO 3 . The mixtures were heated in the oven in the microwave vessel for three hours and then allowed to cool for one hour before being serially diluted. No visible solids were in the solutions after the heating step or after storage in the cells for several days. The peroxide fusion digestion was performed on a similar scale and once again the resulting solution was serially diluted before analysis by ICP-ES. The aqua regia digestions were performed on a smaller scale and per the ADS procedure (see reference 4). In this case, ~0.25 g of dried solids were used and the resulting solution did not require serial dilution. The results of the digestions are shown in Table 2 on a wt% dried solids basis. ARG-1 glass of known composition was digested along with the samples from each digestion above as a check. *All averages are based upon three replicate dissolutions and ICP-ES determinations except the peroxide fusion results, which are based on two replicate samples. NA = Not Applicable.
A statistical study was done on the results from separate digestions, using JMP software 5 , to determine if the wt% results were significantly different at the 95% confidence level. The results are shown in Table 3 . The statistical analysis results indicate that for all elements except iron and strontium, the DWPF Cold Chem Method and the hot HF-HNO 3 digestions were statistically equivalent. However, the difference between the average results for iron and strontium was less than 2%, which is not a practical difference. This is despite the visible solids in the solution of the DWPF Cold Chem Method digestions. The elemental weight percent results shown in Table 1 , on a slurry basis, do not seem to vary significantly despite the precipitation of visible solids in the DWPF Cold Chem Method digestion solutions. If the solids precipitate out as small particles (1-10 microns in size), the analysis will not be affected because the particles can be effectively carried up into the plasma along with the nebulized solution in the ICP-ES instrument. The peroxide fusion results agreed well with both the Cold Chem Method and the hot HF-HNO 3 digestions on some elements but are
Revision 0 Analytical Development Section statistically different in regards to some of the more important elements in the sludge such as Al, Ca, Fe, Mn, Na, Ni and U although the difference is no larger than 15% except in the case of sodium. The difference in the sodium values is attributed to less than optimum plasma conditions of the ICP instrument. The lithium and potassium results should also not be compared between the digestion methods for the same reason. The aqua regia digestion results are statistically different for many elements versus the Cold Chem Method and the hot HF-HNO 3 digestions. The differences in results are attributed to the sample preparation. For example, the aqua regia sample was prepared using less total solids and was not serially diluted before analysis. It is important to note that although a statistical difference is discernable between the different digestion methods there may not be a practical difference in terms of processability. The results of the dissolutions of the ARG-1 glass standard are shown in Table 4 for the major elements greater than 1 wt%. 
Conclusions
The DWPF Cold Chem Method seems to be effective in dissolving initial species present in radioactive sludge, but during the digestion process mixed-metal fluoride salts are formed and precipitate from solution. CXRD results revealed the identity of the insoluble solids to be mixed-metal fluoride salts. A hot HF-HNO 3 dissolution was successful in dissolving all of the radioactive sludge solids from a visual observation and the only major elements that were statistically different between the DWPF Cold Chem Method and hot the HF-HNO 3 digestion was Fe and Sr and it was not a practical difference. A modified version of the DWPF Cold Chem Method, the hot HF-HNO 3 digestion is recommended to ensure all of the solids in the radioactive sludge are being dissolved and stay in solution long enough for analysis.
